Members of the Polycomb group (Pc-G) of genes encode transcriptional regulators that control the expression of key developmental effector genes in Drosophila melanogaster. Although multiple Pc-G genes have been identified and characterized in Drosophila, information about these important regulatory proteins in vertebrates, including their precise expression patterns, has remained scarce. We report here the cloning of Enx-J, a novel vertebrate Pc-G gene, which encodes the murine homolog of the Drosophila Enhancer of zeste (E(z)) gene. Drosophila E(z) controls the expression of several homeobox genes as well as some segmentation genes and its disruption causes multiple phenotypes in Drosophila development. Analysis of the primary structure of murine Enx-J reveals the conservation of several regions, including the previously described SET domain and a newly defined CXC domain. In addition, we find the SET domain to be conserved in evolutionarily distant species ranging from vertebrates to plants and fungi. The expression pattern analysis of Enx-J reveals ubiquitous expression throughout early embryogenesis, while in later embryonic development Enx-J expression becomes restricted to specific sites within the central and peripheral nervous system and to the major sites of fetal hematopoiesis. In adult stages we also find Enx-J expression to be restricted to specific tissues, including spleen, testis and placenta.
Introduction
Using Drosophila melanogaster as a model system, it became apparent that the developmental expression pattern of homeobox genes is temporarily and spatially regulated in a two-step mechanism at the transcriptional level (reviewed in Orlando and Paro, 1995; Simon, 1995) . First, transiently acting transcriptional activators and repressors initiate a pattern of homeobox gene expression, which is later maintained by the action of protein products from two antagonistic sets of genes belonging to the trithorax (trx-G) and the Polycomb group (Pc-G) families. Trx-G genes encode proteins that serve to maintain the transcriptional status of initially activated homeobox genes, while Pc-G genes encode repressor proteins that negatively control the transcription of homeobox genes (Orlando and Paro, 1995; Simon, 1995) . Thus, transcriptional regulator proteins from these two classes serve to * Corresponding author. Tel.: +49 89 85782512; fax: +49 89 8577866.
propagate a specific pattern of gene expression initially established by transiently acting transcriptional activators and repressors. Consequently, disruption of trx-G and Pc-G genes causes defined patterns of misexpression of homeobox and several other regulatory genes (e.g. Juergens, 1985; Jones and Gelbart, 1990; Pelegri and Lehman, 1994) .
Pc-G genes, of which about 40 were estimated to exist in Drosophila (Juergens, 1985) , encode structurally diverse proteins, which regulate the expression of homeobox genes (Juergens, 1985) . Co-localization as well as co-immunoprecipitation studies have led to the hypothesis that Pc-G proteins function as transcriptional repressors by constituting multi protein complexes on regulatory regions of their respective target genes (Franke et aI., 1992) . This function was confirmed by tethering different Pc-G proteins to a sequence-specific DNAbinding domain and demonstrating a sequence-specific transcriptional repressor function of the fusion protein (Bunker and Kingston, 1994) .
A major point of interest concerns the expression pattern of Pc-G genes in development. As those few cases that have been examined in Drosophila revealed a largely uniform distribution of Pc-G gene products throughout embryogenesis (Paro and Hogness, 1991; Franke et aI., 1992; Paro and Zink, 1992; Martin and Adler, 1993; Lonie et aI., 1994; Sathe and Harte, 1995) , the as yet unsolved question arose as to how these factors playa role in spatially restricted effects on homeobox gene expression.
Additionally, while the mechanisms of homeobox gene regulation have been well studied in Drosophila, information about their regulation in vertebrates is currently not available. Whereas in Drosophila diffusible transcription factors encoded by the segmentation genes are utilized for the initiation of homeobox gene expression in the syncytial blastoderm, different mechanisms must operate in the multicellular developmental stages of vertebrates. Considering the obvious divergence of the mechanisms that initiate homeobox gene expression in segmented versus non-segmented animals, it is intriguing to ask whether the mechanisms of maintaining homeobox gene expression patterns mediated by the trx-G and Pc-G genes have been conserved during evolution. Indeed, the cloning of several vertebrate genes that show some degree of homology to Drosophila Pc-G genes provided the first evidence that similar mechanisms of maintaining homeobox gene expression might operate in vertebrates (Tagawa et aI., 1990; Brunk et aI., 1991; van Lohuizen et aI., 1991; Pearce et al. 1992; Nomura et aI., 1994) . Recently, direct evidence was presented demonstrating that the vertebrate Posterior sex comb (Psc) homolog Bmi-I is involved in regulating homeobox gene expression in the mouse (Alkema et aI., 1995) .
We have cloned a novel mammalian Pc-G group gene, the human homolog of the Drosophila Enhancer of zeste (E(z)) gene, ENX-I (Hobert et aI., submitted). We isolated this gene in a search for proteins that associate specifically with the product of the human proto-oncogene product and tyrosine kinase substrate Vav, which is specifically expressed in hematopoietic cells, where it is involved in lymphocyte development and activation (Katzav et aI., 1989; Bustelo et aI., 1993; Fischer et aI., 1995; Tarakhovsky et aI., 1995; Zhang et aI., 1995) . The specific in vitro and in vivo association of the human E(z) homolog with the Vav protein suggests an involvement of this mammalian Pc-G gene in aspects of hematopoietic development, as was recently shown for another vertebrate member of the Pc-G proteins, the Bmi-l protein (van der Lugt et aI., 1994) .
In order to obtain more information about E( z) homologs in vertebrates, we have cloned the mouse homolog of the E( z) gene, analyzed its conserved structural domains, and examined its expression pattern during mouse embryogenesis and in adulthood.
Results

Cloning and sequence analysis of the murine Enx gene
We have recently cloned ENX-I, the human homolog of the Drosophila Polycomb group (Pc-G) gene E(z) on the basis of its specific interaction with the human protooncogene product Vav (Hobert et aI., submitted). Using the human ENX-I gene as a probe, we screened a mouse placenta cDNA library and isolated 24 clones, most of which represented independent clones of varying size. The largest clone contained an insert of 2.6 kb ( Fig. lA) with an open reading frame showing a high degree of similarity to the Drosophila E(z) gene (37.9% similarity over whole sequence, >70% similarity in several defined regions; Fig. lB ) and human ENX-I (98.5% amino acid identity, data not shown). This murine homolog of these two genes was designated Enx-I. The presence of multiple vertebrate E(z) homologs can be inferred from the finding of a transcript in the human chromosomal region 17q21 that is highly homologous but not identical to human ENX-I, which we have designated ENX-2 (Brody et aI., 1995; Friedman et aI., 1995; Osborne-Lawrence et aI., 1995; Hobert et aI., submitted) .
The cDNA sequence of Enx-I carries an A TG start codon at position 135 (Fig. lA) . The most prominent features of the Kozak initiation consensus sequence (Kozak, 1991) , a Gnucleotide at position +4 (the A of the A TG start codon represents position + 1) and a purine base (AlG) at position -3 are also conserved in Enx-I. In the 3' untranslated region, which is 278 bp long, we found a nuclear polyadenylation signal (AAUAAA) and, interestingly, a cytoplasmic polyadenylation signal (UUUUU-AU; Fox et aI., 1989) . In contrast to the canonical nuclear polyadenylation, cytoplasmic polyadenylation is tightly regulated and appears to play a role in developmental regulation of mRNA translation (Fox et aI., 1989; McGrew et aI., 1989; Vassilli et aI., 1989) .
The most striking protein sequence features of Enx-I are revealed by its alignment with the Drosophila E(z) sequence (Fig. IB) and include the presence of three highly related sequence stretches, termed Box-I, -2, and -3. In human ENX-I, Box-2 and -3 are part of the region that interacts with the Vav protooncogene product, supporting the notion that these sequence motifs are involved in protein-protein interactions (Hobert et aI., submitted). In accordance with its putative function in gene regulation in the nucleus, Enx-I contains a basic hexapeptide motif with high similarity to nuclear localization sequences (Boulikas, 1993) . Adjacent to the nuclear localization signal, murine Enx-l and Drosophila E(z) contain a cysteine-rich region in which the spacing of all 17 cysteines is conserved. As this region shows no homology to other structurally well-defined Cys-rich regions, such as the Znfinger (Berg, 1990) , LIM domain (Sanchez-Garcia and A o. Hobert et al.f Mechanisms of Development 55 (1996) 171-184 The region that is absent in several independent Enx-J cDNA clones is boxed. The cytoplasmic and nuclear polyadenylation signals are underlined. (B) Sequence comparison of murine Enx-l and Drosophila E(z) proteins. Conserved residues are depicted by '.', missing residues by '-'. Definition of Box-I, -2, and -3 was based on stretches of highly conserved amino acids. The SET domain is defined by homology to other SET domains. Similarities between different regions of the protein sequence were determined as described in Experimental Procedures. The CXC domain was defined by the first and last cysteine in the central, Cys-rich region of Enx-l. Conserved Cys residues in the Cys-rich regions are underlined. Similarities between different regions of the protein sequence were determined as described in Experimental Procedures and are shown in percent underneath the respective sequence motifs. A putative nuclear localization sequence (NLS; Bouiikas, 1993) is boxed. The arrow depicts the structure of the Enx-l splice variant, termed Enx-lb, in which the region under the arrow is absent and replaced by a single glycine (G). The sequence of E(z) is from Jones and Gelbart (1993) . Rabbits, 1994) , PHD domain (Aasland et aI., 1995) , or RING-finger (Freemont et aI., 1991) , and contains several unusual CXC motifs, we have proposed to designate it the CXC domain (Hobert et aI., submitted). Because of its evolutionary conservation, this domain is likely to be involved in an important function of E(z)-related proteins.
Enx-J contains a SET domain
At its C-terminus, Enx-J contains a SET domain that was originally identified in three Drosophila proteins, S.u(var)3-9, E(z), and Irithorax (Tschiersch et aI., 1994) . As we analyzed the sequence of the human and mouse homologs of E(z), ENX-l and Enx-l, respectively, a close survey of the databases with the BLAST search algorithm Altschul, 1990, 1993) allowed us to uncover further proteins from different species that contain the SET domain ( Fig. 2A ). As they do not share any degree of similarity outside their respective SET domain and vary considerably in size, these proteins do not 
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Consensus: (Fig. 2B) . Also highly conserved is a cluster of eight charged amino acids with little primary sequence similarity between positions 30 and 40 of the SET domain. Interestingly, in all cases examined so far, the SET domain is located at the C-terminal end of the respective protein ( Fig. 2A) . A split SET domain was also found in the human ORF KG 1 T and in the DNA Topoisomerase II from C. elegans (not shown). SET domains were also found in multiple human expressed-sequence-tag (EST) fragments representing currently uncharacterized genes (e.g. Genbank accession numbers R11862, T99430, 179837, T55027). Furthermore, it is noteworthy that chromosomal rearrangements of the human Hrx protein, which are associated with acute lymphoblastic leukemia, include the deletion of the SET domain and its replacement by unrelated protein sequences (Gu et aI., 1992; Tkachuk et aI., 1992) .
Transcripts o/the Enx-J gene
Sequence analysis of several independent clones isolated from our library screen revealed a 126 bp deletion within the CXC domain (Fig. 1A,B) , in which the [C Xc; C X3 C X Ch motif was absent. The presence or absence of this region within several isolated cDNA clones was monitored by PCR analysis using two specific primers flanking this region (Fig. 3A) . To confirm the authenticity of these two types of transcripts, we performed RT-PCR analysis with the two primers on total RNA isolated from embryos of several different developmental stages and from several different adult tissues. As shown in Fig. 3B , both types of transcripts were detected in both embryonic and adult tissues.
Taken together with data obtained from Northern blot analysis described below, our results demonstrate the presence of at least two, probably differentially spliced forms of the Enx-J gene. We have designated the transcript including the 126 bp sequence stretch within the CXC domain Enx-J a, and the transcript lacking this region Enx-J b.
Northern blot analysis of Enx-J expression
To determine the temporal and spatial expression patterns of the Enx-J gene in mouse embryogenesis and different adult mouse tissues, we first performed Northern blot analysis of RNA prepared from different embryonic stages and adult tissues with an Enx-I-specific probe derived from the N-terminus of the gene (Fig. 4) . The size of the detected mRNA was determined to be approximately 2.6 kb, which matches the size of the isolated cDNA (Fig. lA) . In addition, a very weak band of 4.5 kb was detectable both in early embryonic stages as well as in some adult tissues (Fig. 4) . This finding is in agreement with the reported observation of larger sized, E(z)-related transcripts in Drosophila (Jones and Gelbart, 1993) and human tissues (Brody et aI., 1995; Friedman et aI., 1995;  Osborne-Lawrence et aI., 1995; Hobert et aI., submitted).
Expression of Enx-J was detected throughout those mouse embryonic stages which were examined (starting at day ElO.5), with the highest levels in early stages of embryogenesis (Fig. 4) . In these stages we also noted the appearance of a double band of 2.5 kb and 2.6 kb, respectively. The smaller sized band most likely represents the splice variant Enx-J b, described above, which carries the deletion in the CXC domain (Fig. 3) . As RNA preparations for Northern blot analysis from very early embryonic stages is prone to contamination by surrounding maternal tissue, embryonic expression of Enx-J before embryonic day EI0.5 was examined by in situ hybridization (see below).
In adult mouse tissues the highest levels of Enx-J mRNA were found in spleen, testis, and placenta, lower levels in intestine and muscle, and very low levels in brain and liver. Virtually no Enx-J mRNA was detected in heart, thyroid gland, lung, and kidney. The presence of the larger sized 4.5 kb transcript was weakly detected in placenta and heart, which showed no significant expression of the 2.6 kb Enx-J transcript.
Embryonic expression pattern of Enx-J
To examine the developmental expression profile of Enx-J, we performed in situ hybridization analysis with an Enx-J-specific probe on sections of mouse embryos from different developmental stages. Since the dynamics of expression of vertebrate Pc-G genes has not been studied in detail to date, we examined Enx-J gene expression successively from early (day E7.5) to late (day EI8.5) embryonic developmental stages.
At early stages of embryogenesis (day E7.5-E9.5) in situ hybridization of mouse embryos prepared within their deciduae revealed Enx-J to be highly expressed throughout the whole embryo with slightly pronounced signals in the neuroectodermal layers (Fig. 5) . The presence of Enx-I transcripts was also detectable in the placenta and in giant cells, while the surrounding maternal tissue showed much less Enx-J expression (Fig. 5) . Transverse embryonic sections of day E9.5 embryos revealed high ubiquitous Enx-J expression with elevated levels of transcripts in the cellular layers surrounding the neural tube (Fig. 5) .
After the onset of organogeny at later embryonic stages (day EI2.5-EI8.5) Enx-J expression becomes successively restricted to several defined regions of the embryo (Fig. 6 ): in mouse embryos from day E12.5 and EI4.5, specific sites of Enx-J expression include neuroectodermal structures, in particular the mesencephalon (Fig.  6B,E,K) . In addition, expression was easily detectable in the spinal cord and dorsal root ganglia (Fig. 6B,Q) . Significant levels of Enx-J mRNA were also detected in the fetal liver (Fig. 6B,E) , which at day E14.5 is one of the most prominent organs of Enx-J expression (Fig. 6E,N) . Within this organ, Enx-J RNA expression was not uniform, with some so far unidentified cells exhibiting no hybridization signal at all (data not shown).
At day E18.5 Enx-J expression seems to be almost entirely restricted to the thymus ( Fig. 6H,P) . In contrast to day EI4.5, at this stage the fetal liver exhibited no higher expression than surrounding tissue (Fig. 6H and data not shown). This apparent switch in Enx-J expression correlates with a change in hematopoietic activity in the mouse embryo, which is highest in fetal liver from day E12.5 to E16.5, while the thymus becomes one of the major hematopoietic organs later in development. As demonstrated by Northern blot analysis, Enx-J expression in adulthood also appears to be very prominent at sites of hematopoiesis (Figs. 3 and 4) .
The decreasing levels of Enx-J transcripts from total embryos as monitored by Northern blot analysis (Fig. 4) can thus be explained by a progressively restrictive Enx-J expression to specific regions of the developing embryo.
Discussion
3.J. Functional aspects of E(z) and related genes
Genetic characterization of the Drosophila E( z) locus has revealed it to be a critical component of Pc-G transcriptional repressor complexes, as the disruption of the E(z) gene leads to disintegration of such multiprotein repressor complexes (Rastelli et aI., 1993) . Additionally, E(z) mutations cause multiple complex phenotypes (Jones and Gelbart, 1990; Philips and Shearn, 1990) , suggesting that it controls the expression of key developmental regulatory genes. Indeed, E(z) was shown to be involved in regulation not only of homeobox genes such as Ultrabithorax and Sex combs reduced (Jones and Gelbart, 1990) . .
• Expression of Enx-l in mouse embryogenesis and in adult tissues as determined by Northern blot analysis. Samples were derived from embryonic (E) or postnatal (P) stages at days as indicated in the figure, hybridized with an Enx-l-specific probe and rehybridized with a control probe derived either from the GAPDH or ,B-actin gene. The sizes of the detected transcripts were calculated according to a molecular weight standard. (Moazed and O'Farrell, 1992) and the gap genes knirps and giant (Pelegri and Lehman, 1994) . The significant degree of similarity to Drosophila E(z) implicates Enx-l in the regulation of equally important genes in vertebrates.
Evolutionary conservation of the SET domain
An additional level of complexity was introduced by the finding that the Drosophila E(z) sequence carries a region homologous to trithorax, later designated the SET Fig. 5 . Developmental expression analysis of Enx-l in the mouse embryo from day E7.S to day E9.S. (A-I) Section of total embryos within their deciduae from developmental stage E7 .S (A-C), E8.S (D-F) and E9.S (G-I) were analyzed by bright field microscopy (A,D,G) and by in situ hybridization with an Enx-I-specific antisense probe (B,E,H) and a control sense probe (C,F,I). d, decidua; e, embryo; a, anterior part of the embryo; p, posterior part of the embryo; pi, placenta; gc, giant cells; t, neural tube; n, neural ectoderm.
domain (Jones and Gelbart, 1993; Tschiersch et aI., 1994) . As there is a genetically defined functional relationship between E(z) and trithorax (Jones and Gelbart, 1993) , it was proposed that the SET domains of the two proteins interact with a common target molecule. This target was assumed to be a common chromatin component, because the SET domain was also reported to be present in the heterochromatin-regulating Su(var)3-9 gene (Tschiersch et aI., 1994) .
Upon analysis of the human and mouse E(z) homologs, we were intrigued to find that the SET domain is not only conserved in insects and mammals, as already reported for the fly, mouse, and man homologs of the trithorax SET domain, but that it is significantly conserved in otherwise completely unrelated proteins from species ranging from fungi, nematodes, and insects to plants and vertebrates. This suggests the SET domain to be a novel structural motif that may fulfill a highly conserved function in protein-protein or protein-DNA interaction.
Pc-G genes in vertebrates
Very little information is available about Pc-G genes in vertebrates. The identification and characterization of the murine Psc-homolog Bmi-I made it clear that the mechanism of homeotic gene control by Pc-G genes has been conserved throughout evolution (Brunk et aI., 1991; van der Lugt et aI., 1994; Alkema et aI., 1995) . However, only three other Pc-G genes have been identified to date in vertebrates, Mel-I8 (Tagawa et aI., 1990) , M33 (Pc-homolog; Pearce et aI., 1992) and (Ph-homolog; Nomura et aI., 1994) . Our identification of another, highly conserved vertebrate Pc-G gene provides further evidence for the evolutionary conservation of transcriptional mechanisms mediated by Pc-G proteins.
Expression patterns of Pc-G genes in invertebrates and vertebrates
Expression studies of different Pc-G genes initially suggested that these transcriptional regulators are uniformly distributed throughout the embryonic anteriorposterior axis in Drosophila (Paro and Hogness, 1991; Franke et aI., 1992; Paro and Zink, 1992; Martin and Adler, 1993; Lonie et aI., 1994; Sathe and Harte, 1995) .
As mutations in these genes cause spatially restricted phenotypes, such as misexpression of homeobox genes in distinct body regions, the positional information required for this spatially defined range of action was thought to be conveyed by a specific expression pattern of transcriptional regulators early in development, which would later be recognized by Pc-G and trx-G proteins (Orlando and Paro, 1995; Simon, 1995) .
The distribution of Pc-G genes in vertebrate embryogenesis has been determined in only two cases to date. Both the mouse Pc-like gene M33 and the mouse Psc-homolog Bmi-I have been shown to be uniformly distributed at several embryonic stages (Pearce et aI., 1992; Alkema et aI., 1995) . However, Bmi-I, in addition to its uniform expression, was found at elevated levels in several tissues, notably brain, spinal cord, spinal ganglia, kidney, and lung (Alkema et aI., 1995) . As the embryonic developmental expression patterns of no other vertebrate Pc-G gene has been described from early to very late embryonic stages, this study provides the first comprehensive analysis of expression of a Pc-G gene at successive states of embryogenesis ranging from day E7.5 to day EI8.5. We were most intrigued to find that while Enx-I is ubiquitously expressed at very early stages of embryogenesis, its expression becomes more and more restricted to several specific regions as embryogenesis proceeds, particularly to organs of hematopoietic activity. This includes the fetal liver between day E12.5 and E16.5 and the thymus at later stages of embryonic development (EI8.5), with a concomitant decrease of hematopoietic activity and Enx-I expression in the fetal liver. The overlap between sites of fetal hematopoietic activity and Enx-l expression suggests Enx-l involvement in the development of the hematopoietic system.
Additionally, Enx-I might be implicated in neuronal development, as significant levels of Enx-I transcripts were detected in the spinal cord, mesencephalon, and dorsal root ganglia. Similarly, two Drosophila Pc-G genes, Pc and Psc, have also been found to be expressed in specific parts of the nervous system at later stages of embryonic development Martin and Adler, 1993) .
In adulthood, Enx-I shows a limited tissue distribution pattern. While the Pc-G gene Bmi-I seems to be ubiquitously expressed in many different tissues (Haupt et aI., 1991) , Enx-I expression is largely restricted to spleen, a prominent hematopoietic organ in adulthood, as well as intestine, testis, placenta and muscle. In spite of its prominent neuronal expression profile in embryogenesis, only very low levels of Enx-l expression were detectable in adult brain both by Northern blot analysis (Fig. 4) and in situ hybridization (data not shown). Restricted adult Pc-G expression patterns in vertebrates have also been described for the mouse polyhomeotic (ph)-like gene Rae-2B, which is almost exclusively expressed in testis, brain and thymus (Nomura et aI., 1994) , and Mel-IB, another mouse Psc-like gene, which is predominantly expressed in neuronal tissues and highly elevated in melanoma cells (Tagawa et aI., 1990) .
Regarding the temporal regulation of Enx-l expression, we found that its mRNA levels significantly decreased in the course of embryogenesis, which is reminiscent of the decrease in E( z) expression in Drosophila embryogenesis (Jones and Gelbart, 1993) . As the apparent decrease of Enx-l transcripts from total embryos is paralleled by a restriction of Enx-l expression to several defined tissues, it might be suggested that the Enx-l gene is differentially activated and repressed in embryogenesis with regard to spatial and temporal parameters. Another explanation for the confinement of Enx-l expression might be hinted by the observation that Enx-l levels correlate with the mitotic activity of the respective organ. For example, high Enx-l levels are apparent during the proliferative stages of brain and liver development while the lack of Enx-l expression in adult brain and the liver at late stages of embryogenesis correlate with postmitotic development. Similarly, expression of the vertebrate Pchomolog M33 also significantly decreases throughout embryogenesis, which was also proposed to reflect the reduced rate of cellular proliferation (Pearce et aI., 1992) . As suggested previously for the action of the Pc-G gene M33 (Pearce et aI., 1992) , the molecular basis for this Pc-G gene expression pattern could be the involvement of Pc-G proteins in gene regulation at the chromosomal level, requiring high levels of Pc-G proteins such as Enx-1 or M33 at stages of active proliferation and DNA replication.
Tissue-specific functions of Pc-G genes
To date, functional studies of vertebrate Pc-G genes have only been carried out for the mouse Psc-homolog Bmi-l. Deletion and overexpression of this gene leads to homeotic transformation, as expected for a member of the Pc-G family of homeobox gene regulators (van der Lugt et aI., 1994; Alkema et aI., 1995) . Interestingly, deletion of the Bmi-l gene also leads to severe defects in defined developmental pathways, including neurogenesis and hematopoiesis. The involvement of Bmi-l in hematopoietic development, particularly lymphopoiesis and myelopoiesis (van der Lugt et aI., 1994) , suggests that Pc-G gene-mediated transcriptional control mechanisms are utilized in specific developmental processes. In agreement with this notion, the putative downstream target genes of vertebrate Pc-G genes, the homeobox genes, have been shown to play important roles in diverse aspects of hematopoietic development (reviewed in Lawrence and Largman, 1992; Kehrl, 1994) .
The identification of the human E(z) homolog ENX-I as a specific association partner for the hematopoietic regulator protein Vav is further evidence for a specific function of a Pc-G gene in hematopoiesis (Hobert et aI., submitted). As the interacting domains of Vav and Enx-l are highly conserved between the respective human and mouse proteins (100% and 98% sequence identity, respectively), Vav-Enx-l interaction most likely occurs in the murine system, too. The findings presented here, which demonstrate predominant expression of Enx-l at sites of fetal hematopoietic activity, support this concept. As the embryonic expression of murine Vav is entirely restricted to the hematopoietic system (Bustelo et aI., 1993) , its sites of expression thus completely overlap with that of the Enx-l gene, supporting our hypothesis that association between Enx-l and the Vav protein is of developmental significance. Interestingly, gene knock-out experiments have revealed Vav to be essential only for late stages of hematopoietic development in the thymus (Fischer et aI., 1995; Tarakhovsky et aI., 1995; Zhang et aI., 1995) , which is the organ to which Enx-l expression is almost entirely restricted in late stages of embryonic development. Thus, the execution of the function of the Vav protein in thymic development might rely on the presence of Enx-l and the association of these two proteins. Enx-l gene knock-out experiments are under way to verify this hypothesis.
Regarding the question as to how rather ubiquitously expressed Pc-G proteins exert spatially restricted control over homeobox gene expression, the idea prevails that Pc-G proteins exert positional information by their capacity to recognize a specific chromatin configuration defined by spatially restricted transcriptional regulator proteins (Orlando and Paro, 1995; Simon, 1995) . In light of our identification of an association between a vertebrate Pc-G protein, ENX-l, with the signal transducer Vav (Hobert et aI., submitted), we suggest that another level of spatially restricted activities of the Pc-G proteins in embryogenesis might be mediated by their association with tissue-specific regulatory proteins. As Enx-l was also found to be expressed outside the hematopoietic system, it appears that interaction with different partners in distinct tissues, as exemplified by the Vav protein in hematopoietic cells, may define its roles in development.
Our finding of restricted expression of Enx-l in adult tissues as well as the reported tissue-specific distribution of the Psc-homolog Mel-IB and Ph-homolog Rae-2B further supports the suggestion of tissue-specific functions of Pc-G genes at later points of deVelopment.
Experimental procedures
cDNA cloning
For cDNA library preparation, polyA(+) RNA was prepared from mouse placenta, transcribed into cDNA according to standard protocols (Sambrook et aI., 1989) and cloned into the AZAPII vector (Stratagene). As a probe for cDNA library screening we used a 1900 bp fragment spanning most of the coding region of the human ENX-l gene (Hobert et aI., submitted), which was labeled by random priming (Sambrook et aI., 1989) . The library screen with this probe was performed under medium stringency conditions at 42°C in 5 x SSCIl x Denhardt's and 40% formamide. After hybridization, filters were washed at 42°C with 0.2 x SSC/0.1 % SDS. Phage DNA from positive isolated clones was converted to plasmid DNA with the in vivo excision system (Stratagene) as described by the manufacturer.
DNA sequence analysis
Plasmid DNA was sequenced with the cycle sequencing method, a modified dideoxynucleotide chain termination technique (Biozym). Non-redundant nucleotide sequence databases (GenBank, EMBL) were searched for homologous sequences using the Basic Local Alignment Search Tool (BLAST) as a search algorithm, which employs the statistical methods of Altschul (1990, 1993) . Alignments of sequences retrieved from the database were confirmed using the alignment algorithms provided by the MacDNASIS-Pro software package (Hitachi). Similarity scores were calculated as the number of exactly matching residues between two sequences minus a fixed penalty for every gap.
PCR and RT-PCR analysis
The primers (008 and 010) used for RT-PCR analysis are complementary to sequences flanking the region that was found to be absent in several Enx-I transcripts (bp 1666-bp 1791): No. 008, 5'-TGTAGACAGGTGTATG-AGTTTAGAG-3'; No. 010, 5'-GGTCAGCAGCTCCAC-ACGTGAGAC-3'. The reaction mix for PCR included 1,u1 20,uM primer 008, l,u 1 20,uM primer 010, l,ul 10 mM dNTP, 5,u1 10 x PCR reaction buffer (Boehringer), 0.2,u1 5 U/,ul Taq-Polymerase (Boehringer), l,ul 50 pmoll,ul DNA sample, and 40.8,u1 H 2 0. The reaction was carried out in a conventional thermocycling machine (Perkin-Elmer), applying 25 cycles including l' denaturation at 95°C, l' annealing at 45°C, and l' synthesis at n°e.
Total RNA for RT-PCR analysis was prepared from mouse embryos and mouse adult tissues using standard protocols (Sambrook et aI., 1989) . The reaction mix for the RT-PCR analysis included 0.6,ul 10 mM dNTP, 0.6,u1 20,uM primer 008, 0.6,u1 primer 010, 2.5,u1 10 X PCR reaction buffer (Boehringer), 0.3,u1 RNase inhibitor (40 U/,ul), l,u1 0.35 U/,ul AMV-Reverse Transcriptase (Boehringer), l,ul RNA sample, and 16.4,ul H 2 0. For reverse transcription, samples were incubated for 10 min at 50°e. For subsequent PCR analysis, 2,u 1 0.5 U/,ul TaqPolymerase (Boehringer) were added and PCR performed under the conditions described above.
Northern blot analysis
PolyA(+) RNA purified from frozen embryos, entire postnatal animals or adult tissues was separated by gel electrophoresis and blotted onto nitrocellulose membrane according to standard protocols (Sambrook et aI., 1989) . A 5' located fragment of Enx-I encompassing the first 500 bp of the Enx-I coding region was amplified by PCR, subcloned into pBluescript vector, and after 32P-Iabeling by random priming used as probe in overnight hybridization of the nitrocellulose membrane. Hybridization was performed in 5 x SSC/5 x Denhardt's/50% formamide at 42°C, followed by stringent washing in 0.2 X SSC/0.2% SDS at 50°C.
In situ hybridization
Balb/c mice were mated overnight and the morning of vaginal plug detection was defined as 0.5 day of gestation. Preparation of embryos and embryonic sections, and their fixation and hybridization, were performed as described (Millauer et aI., 1993) . The Enx-I probe was derived from the same part of the gene used for Northern blot analysis. Single-stranded, [35S]A TP-Iabeled DNA probes were prepared as described (Millauer et aI., 1993) . Posthybridization washing was performed at high stringency at 52°C in a solution containing 50% formamide, 300 mM NaCI, 10 mM Tris-HCI, 10 mM NaP0 4 (pH 6.8), 5 mM EDTA, and 10 mM DTT. Slides were coated with Kodak NTB2 film emulsion and exposed for 14 days. After developing, the sections were counterstained with toluidine blue and analyzed with an Olympus BH2 or SZ-PT microscope using brightfield and darkfield illumination.
